This study compares the effectiveness of seven redox-mediating compounds namely, 1-hydrozybenzotriazole (HBT), N-hydroxyphthalimide (HPI), 2,2,6,6-Tetramethyl-1-piperidinyloxy (TEMPO), violuric acid (VA), syringaldehyde (SA), vanillin (VA), and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), which follow distinct oxidation pathways, for the degradation of trace organic contaminants (TrOCs). These redox-mediators were investigated for improved degradation of four TrOCs showing resistance to degradation by crude laccase from the white-rot fungus Pleurotus ostreatus. ABTS and VA achieved the highest degradation of the phenolic compounds (i.e., oxybenzone and pentachlorophenol), whereas the non-phenolic compounds (i.e., naproxen and atrazine) were best removed using VA or HBT. This implies that the non-phenolic compounds are more effectively removed by the radical species generated by the NeOH type mediators (i.e., VA and HBT), while removal of the phenolic compounds may depend more on the stability and the redox potential of the radicals generated from the mediator, irrespective of the type. Notably, enzyme stability was greatly affected by the NeOH type mediators but it was compensated by their rapid degradation capacity. Overall, VA and HBT (NeOH type) appear to be the best mediators for enhanced degradation of the selected compounds without causing significant toxicity in the effluent. 
Camarero, 2010), non-phenolic substrates are often not amenable to direct oxidation by laccase.
67
The chemical structure of the substrate is also an important factor influencing its degradation by 68 laccase. Particularly, the distribution of functional groups within the TrOC has a large influence 69 on the efficiency of the oxidation process by laccase (Yang et al., 2013 and ionic mechanism (TEMPO).
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Among the tested TrOCs, oxybenzone was removed with the highest efficiency (23 ± 2%,
(n=2)). Oxybenzone contains two EDGs, namely, methoxy and hydroxyl groups (Supplementary

157
Data Table S1 ). However, the relatively low removal rates may be explained by the presence of 158 carbonyl (an EWG) in its structure. Pentachlorophenol was also poorly removed by laccase (23 ± report the redox potential of the laccase that they used, thus it could not be confirmed whether 169 the laccase from P. ostreatus as used in this study (0.28 V) had a lower redox potential.
170
However, it is likely that the difference in redox potential between the substrate and the specific 171 laccase used was responsible for different levels of pentachlorophenol degradation.
172
The pesticide, atrazine, was also poorly removed, showing only 15 ± 6 %, (n=2) degradation.
173
Even though atrazine contains methyl and amine EDGs, the presence of the strong EWG 174 chlorine hinders laccase-catalyzed degradation (Nguyen et al., 2014a ABTS system with 64% loss of laccase activity, whereas laccase -P-coumaric acid system 252 yielded 5% removal of oxybenzone with insignificant denaturation of laccase.
253
Increase in the redox potential of the reaction mixture is thought to be one of the reasons for the (Table 1) , which has been shown to be effective at oxidising high redox potential 307 substrates (Kurniawati and Nicell, 2007) .
308
It is noted that Figure 3 is based on data derived from duplicate experiments. A more rigorous 309 statistical comparison would require a larger set of data. However, the available data indeed
310
show the dependence of TrOC removal on mediator concentration, and therefore it could be used 311 to point in the direction of a suitable mediator concentration in further testing.
312
The mediator type and concentration has a major impact on the practicality and feasibility of Pycnoporus cinnabarinus (Fillat et al., 2010) .
348
As noted in Section 3.2.2, in accordance with the rapid TrOC removal, in this study laccase
349
inactivation also occurred at a very early stage. Figure 5 shows In this study, the laccase -mediator systems were assessed for their capacity to enhance TrOC 362 removal efficiency. However, the overall quality of the treated effluent (i.e., toxicity) is also 
Conclusion
385
The results here confirm that the substrate spectrum of laccase can be broadened by the addition 386 of redox-mediators, however, the performance of laccase -mediator systems is mediator Mediators were added separately at a concentration of 1 mM. The limit of detection of the toxicity assay was 10% inhibition of luminescence (i.e., 1 rTU). 
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